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SYSTEM AND METHOD FOR
BENCHMARKING LOCATION
DETERMINING SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 12/371,330, filed on Feb. 13, 2009, which 1s a
continuation of U.S. patent application Ser. No. 11/464,730,
filed on Aug. 13, 2006, 1ssued as U.S. Pat. No. 7,529,236,
which are hereby incorporated by reference, as 11 set forth in
tull 1n this document, for all purposes.

FIELD OF THE INVENTION

The present invention relates to wireless communications

in general and, 1n particular, to testing location determination
capabilities.

BACKGROUND OF THE INVENTION

Over the past decade, while the cost of wireless communi-
cations technology has dropped, performance increased sub-
stantially, leading to widely increased use of wireless devices.
Location determination technologies, including the use of
global positioning satellites (“GPS”), have evolved, as well.
Thus, as use of mobile devices has grown, so has the 1impor-
tance of accurate location determination capabilities. For
example, emergency service providers may better identify the
location of an emergency when this technology 1s integrated
into mobile devices reporting the emergency. A number of
additional uses for location determination capabilities have
arisen, as well.

A response to this evolving landscape was the Wireless
Communications and Public Safety Act of 1999 (911 Act”).
One purpose of the 911 Act was to enhance public safety by
encouraging and facilitating the prompt deployment of a
nationwide commumnications infrastructure for emergency
services that includes wireless communications. The Federal
Communications Commission (“FCC””) adopted certain rules
to implement provisions of the Act, including rules requiring
certain levels of accuracy and reliability.

Drive test systems are a tool used by communications
service providers to measure performance, and may be
employed to verity whether location determination capabili-
ties are accurate and comply with FCC requirements. Drive
test systems, as the name 1mplies, are tools that characterize
the performance of a system by driving around and perform-
ing test measurements from different locations. Such systems
may rely on a technician or other professional to drive to
different coverage areas, perhaps with bulky equipment
including specially configured laptops and other hardware.

A limitation of this approach 1s that 1t generally requires a
person to drive around and make the measurements. This
often entails the use of expensive electronic equipment, costs
associated with the vehicle, and personnel costs for the mea-
surement technician. There are some drive test solutions
where the measurement 1s done automatically, requiring less
administration by a technician. Such systems are often
dubbed “unattended” systems, while systems requiring pro-
fessional, ongoing measurement are oiten referred to as
“attended” systems. Unattended systems are typically asso-
ciated with a permanent location.

Nonetheless, there are certain inherent limitations associ-
ated with “drive test” solutions. Because of costs, measure-
ment 1s often geographically limited to major markets and
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roads, and measurements are only taken at certain times. It
would be desirable to create solutions that address the imher-
ent limitations associated with drive testing, while continuing

to measure the location determination capabilities of a wire-
less service provider at a variety of locations.

BRIEF SUMMARY OF THE INVENTION

Systems, methods, and software are described for bench-
marking the location determination capabilities of a wireless
communications network. In one exemplary embodiment, a
mobile communications device receives data identifying a
reference location for that device. A communications net-
work, communicatively coupled with the mobile communi-
cations device, calculates a computed location of the device
using an alternative location determination technique. The
reference and computed locations may then be determined for
anumber of additional devices. The accuracy of the computed
location 1s then determined by comparing such measurements
with the reference locations.

One set of exemplary embodiments comprises systems for
benchmarking location determination capabilities for one or
more mobile communications devices. In one embodiment, a
device 1s configured to recerve a first set of data identifying
the location of the device, and the location 1s identified with a
first technique. The device generates a second set of data
formatted to trigger a communications network to identity the
location of the device using a second technmique. The device
transmits one or more communications signals comprising
the first set of data and the second set of data. The device 1s
configured to generate and transmit the data during regular
and customary use of the device by a user who regularly and
customarily uses the device primarily for purposes of voice or
data communication.

The communications network 1s configured to receive the
second set of data, thereby triggering the network to calculate
the location of the device using the second technique. The
network then generates a third set of data representative of the
location 1dentified using the second technique. A location
processing server 1s configured to store at least a subset of the
first set of data and the third set of data 1n a data store
associated with the location processing server.

The device, 1n one embodiment, analyzes the first set of
data identifying the location of the device to determine
whether 1t meets or exceeds a threshold accuracy metric
betfore triggering the network calculation. The device 1s fur-
ther configured to trigger the network to 1dentity the location
of the device at certain variable intervals corresponding to the
carlier of a time interval metric and a distance movement
metric. The mobile communications device may be config-
ured to trigger the network calculation by making a test call to
either the emergency number (e.g., 911) or a special test
number, and the network is triggered without notifying a
public safety answering point. In another embodiment, the
network location calculation 1s triggered by a application that
1s running on the device.

In one embodiment, the device recerves GPS coordinates
from a number of GPS satellites, while the second technique,
performed by the network, comprises assisted GPS. In an
alternative embodiment, the second technique nstead com-
prises a Time Diflerence Of Arrival (“TDOA”) technique.
The location processing server 1s configured to associate the
first set of data and the third set of data to identily accuracy of
the calculated location, and a period of latency attributable to
the calculated location. The first set of data and the third set of
data represent a location of the device at a substantially same
time.
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An alternative set of exemplary embodiments comprises
methods of benchmarking location determination capabili-
ties with a mobile communications device. In one embodi-
ment, a first set of data identitying the location of the device
1s recerved, the location 1dentified with a first technique. A
second set of data associated with the first set 1s generated, the
second set formatted to trigger a communications network to
calculate location of the device using a second techmique. One
or more communications signals comprising the first set of
data and the second set of data are then transmitted. This
method may be implemented on a computer readable medium
as a computer program comprising instructions executable by
a mobile communications device.

In one embodiment, the first set of data 1s analyzed to
determine that the location information 1s above a threshold
accuracy level before triggering the network. There may be a
variable 1nterval between transmissions of the second set of
data to trigger the network calculations, the interval corre-
sponding to a time 1nterval, a distance movement metric, a
location metric, or any combination thereof. A number of
alternative location determination techniques may be used.

Still another set of exemplary embodiments comprises
methods of benchmarking location determination capabili-
ties 1n a wireless communications network. A first set of data
identifying a reference location of the device 1s received from
the device, the reference location 1dentified with a first tech-
nique. A second set of data identifying a computed location of
the device 1s received from a communications network, the
computed location calculated by the communications net-
work using a second technmique. The first set of data and
second set of data each represent a location of the device at a
substantially same time, and these measurements may be
associated with each other and stored.

An accuracy, latency period, and yield attributable to the
computed location 1s made by comparing the first set of data
and the second set of data, and their associated timestamps.
The reference location and computed location may be deter-
mined for a number of additional devices, and this data may
be used in determining accuracy, latency period, and yield. A
test call may be received from the mobile communications
device to trigger the communications network to generate the
second set of data. The test call may be 1dentified as a test, and
thereby notification to the public safety answering point may
be omitted about the test call based at least in part on the
identifying step.

In one embodiment, a summarized report of the determined
accuracy of the second technique 1s provided. This report may
be provided for a subset of the associated sets of data and may
be provided on an interface that 1s accessed from and distrib-
uted to a remote location. The report may be image data
comprising a map 1illustrating an accuracy metric associated
with at least a subset of the computed locations. Different
locations may be weighted differently in determining the
accuracy of the second technique.

BRIEF DESCRIPTION OF THE DRAWINGS

A further understanding of the nature and advantages of the
present invention may be realized by reference to the follow-
ing drawings. In the appended figures, stmilar components or
features may have the same reference label. Further, various
components of the same type may be distinguished by fol-
lowing the reference label by a dash and a second label that
distinguishes among the similar components. If only the first
reference label 1s used 1n the specification, the description 1s
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4

applicable to any one of the similar components having the
same first reference label irrespective of the second reference

label.

FIG. 1 1s a block diagram 1llustrating a system for bench-
marking location determination capabilities of a wireless
communications network, according to various embodiments
of the present invention.

FIG. 2 1s a block diagram 1llustrating a system for bench-
marking a time difference of arrival technique for locating a
mobile communications device 1n a communications net-
work, according to various embodiments of the present inven-
tion.

FIG. 3 1s a block diagram 1llustrating a system for bench-
marking an assisted GPS technique for locating a mobile
communications device 1 a communications network,
according to various embodiments of the present invention.

FIG. 4 1s a block diagram 1illustrating a software module of
a mobile commumnications device for a system of benchmark-
ing location determination capabilities, according to various
embodiments of the present invention.

FIG. 5 represents an example of image data illustrating the
accuracy ol computed location data, according to various
embodiments of the present invention.

FIG. 6 represents an example of an interface showing a
table 1llustrating reference location measurements and com-
puted location measurements, according to various embodi-
ments of the present mvention.

FIGS. 7A and 7B represent examples of interfaces each
showing a table 1llustrating the accuracy of computed loca-
tion data, according to various embodiments of the present
invention.

FIG. 8 1llustrates a method of benchmarking location deter-
mination capabilities from a mobile communications device,
according to various embodiments of the present invention.

FIG. 9 illustrates an alternative method of benchmarking,
location determination capabilities from a mobile communi-
cations device, according to various embodiments of the
present invention.

FIG. 10 1llustrates a method of benchmarking location
determination capabilities of a communications network,
according to various embodiments of the present invention.

FIG. 11 illustrates an alternative method of benchmarking
location determination capabilities of a communications net-
work, according to various embodiments of the present inven-
tion.

FIG. 12 1s a schematic diagram that 1llustrates a represen-
tative device structure that may be used 1n various embodi-
ments of the present mvention.

DETAILED DESCRIPTION OF THE INVENTION

Various embodiments of the present mvention comprise
systems, methods, and software for measuring location deter-
mination capabilities 1n a wireless communications network.
A reference location and a computed location are captured
passively for actual user devices as they go about their regular
activity. Mobile phones, or other communications devices,
may be configured to receive reference location data and
trigger the network to compute their location. The different
sets of collected data may be transmitted to a database, and be
parsed and displayed in a variety of different ways. Location
determination metrics are, therefore, not limited to major
markets or roads, and instead may be collected 1n other loca-
tions where users use their devices. The location data may,
thus, be collected in real time over real world routes and usage
scenarios.
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This description provides exemplary embodiments only,
and 1s not 1ntended to limit the scope, applicability or con-
figuration of the invention. Rather, the ensuing description of
the embodiments will provide those skilled i the art with an
enabling description for implementing embodiments of the
invention. Various changes may be made 1n the function and
arrangement of elements without departing from the spirit
and scope of the invention as set forth 1n the appended claims.

Thus, various embodiments may omit, substitute, or add
various procedures or components as appropriate. For
instance, it should be appreciated that in alternative embodi-
ments, the methods may be performed 1n an order different
than that described, and that various steps may be added,
omitted or combined. Also, features described with respect to
certain embodiments may be combined in various other
embodiments. Diflerent aspects and elements of the embodi-
ments may be combined 1n a similar manner.

It should also be appreciated that the following systems,
methods, and soitware may be a component of a larger sys-
tem, wherein other procedures may take precedence over or
otherwise modily their application. Also, a number of steps
may be required before, after, or concurrently with the fol-
lowing embodiments.

FI1G. 1 1llustrates an exemplary embodiment of the mnven-
tion, comprising a system 100 for benchmarking location
determination capabilities of a communications network.
This embodiment includes a mobile communications device
105 in communication with the communications network
110. The device 105 1s configured to receive a first set of
location based data i1dentifying location of the device. This
first set of data identifies a location which may be referred to
clsewhere herein as the reference location. The device 105
may be directly or indirectly coupled with a receiver compo-
nent which enables the reception of location based data.

In one embodiment, the location based data comprises GPS
coordinate data, along with a timestamp and a number of
satellites used. As the term 1s used herein, location based data
may, alternatively, be in the form of other satellite location
information, cellular location information, network analysis
ol location information, location information specific to a
building, or other means for location determination. The data
may be recerved by hardware configured to receive the set of
data 1dentifying the location of the device. The receiver may
be coupled with the device 105 1n any suitable manner known
in the art. By way of example, 1t may be an integrated com-
ponent or may be a stand alone receiver otherwise communi-
cating with the device 103. In some embodiments, the hard-
ware may be removable from the device (e.g., a GPS receiver
communicatively coupled with the Device 105 with a USB or
bluetooth connection). In other embodiments, the hardware
configured to receive the set of data identifying the location of
the device 105 may comprise other GPS receiver configura-
tions. A receiver may, alternatively, comprise any other com-
bination of hardware and software to achieve the functional-
ity described above.

The device 105 may be a cellular phone, a VoIP phone, a
personal digital assistant, a pager, a text messaging device, a
laptop, a portable digital music player, a two-way radio, any
mobile phone or other wireless device that communicates
data signals, voice or other audio signals, or any combination
of the foregoing. In one embodiment, the device 105 1s a
phone being used for voice calls by an actual user, wherein the
location based data 1s being captured passively by the device
1035 as the user acts as a passive agent while going about his
or her regular use. The location based data may be recerved
during the regular and customary usage of a phone or other
device, and may occur while a consumer uses the phone or
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other device for purposes of voice communication. This
received location based data may be stored on a temporary or
more permanent basis on the storage medium of the device

105, and 1n certain circumstances transmitted as payload of a
data packet (e.g., via GSM, GPRS, EDGE, UMTS, CDMA

1xRTT, EvDO, WiFi1, WiMax, SMS, etc.) to a location pro-
cessing server 113 (perhaps via the communications network
110).

The device 105 may be configured to analyze the location
based data to determine whether 1t meets or exceeds a thresh-
old accuracy. For example, the device may include a logic
module configured to read and cache GPS coordinate data to
determine whether an accurate reference location may be
determined. The threshold accuracy level may be predeter-
mined 1n the logic module, or may be configured by a user or
communications network. The threshold accuracy may also
be 1dentified by the communications network 105. In this set
of embodiments, 1f the threshold accuracy level 1s reached,
the device 105 may proceed to trigger the communications
network 110 to calculate a computed location of the device.
Theretfore, based at least in part on the threshold accuracy
determination, the device 105 may automatically generate a
set of data formatted to trigger the communications network
110 to identity the location of the device using a second
technique. This generated set of data may comprise a test
telephone number or other communications address. Alterna-
tively, it may comprise a data message configured to nitiate a
test call from the device. In still other embodiments, 1t com-
prises payload of a data packet to be transmitted to the com-
munications network to trigger the communications network
110 to perform secondary location calculations.

Regardless of the type of generated data (which may also
be referred to herein as “triggering data™), the device 1035
transmits at least a subset of this data to the communications
network 110. The transmission may comprise a test call to a
test telephone number configured by a service provider to
trigger the communications network 110 to calculate location
of the device using a second technique without notifying a
public safety answering point (“PSAP”). Alternatively, the
transmission may comprise a test call to an emergency num-
ber (e.g., 911) configured by a service provider to trigger the
location calculation using the second technique without noti-
tying a PSAP (or, perhaps, simply notifying the PSAP that the
call 1s a test). This latter configuration, wherein a call to an
emergency number does not falsely alert the PSAP, 1s possible
by including certain data in the transmission or having a
PSAP recognize certain numbers as test numbers. In still
other embodiments, the device may transmait the generated
data as payload of a data packet transmitted to the communi-
cations network 110 (e.g., via GSM, GPRS, EDGE, UMTS,
CDMA 1xRTT, EvDO, WiF1, WiMax, SMS, etc.). In addition
to transmitting the generated data, the device also transmits at
least a subset of the recerved location based data (1.e., the
reference location data). The reference location data may be
transmitted with the triggering data, or may be cached and/or
otherwise transmitted (as a single reading, or 1n a compiled
fashion), through to the location processing server 115.

The communications network 110, 1n one embodiment,
comprises a wireless telecommunications network operated
by one, or more, communications service providers. For
example, a wireless network may include any of the variety of
known modes of wireless or mobile voice communications.
Exemplary cellular systems include, but are not limited to,
TDMA, CDMA, WCDMA, UMTS and GSM systems. Other
exemplary cellular systems include systems known 1n the art
as 3G systems. The communications network 110 1s not,
however, limited to cellular networks, and may comprise any
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network with two or more computing device exchange com-
munication signals (e.g., a VoIP network). Therefore, a net-
work 110 may comprise any type of wireless (e.g., a Wik1
connection) voice service that 1s provided over a data network
(e.g., an Internet Protocol based network). The term VoIP 1s
intended to be interpreted broadly to include any system
wherein a voice signal 1s converted into a digital signal that
travels over a data network. VoIP also includes any system
wherein a digital signal from a data network 1s delivered to a
phone or other mobile voice communications device, where 1t
1s converted into an audio signal.

Upon receiving the triggering signal from the device 105,
the communications network 110 calculates the location of
the device 1035 using a second technique. This location may be
referred to elsewhere herein as the computed location. Wire-
less telecommunications carriers may employ a variety of
techniques of locating cellular telephones and other mobile
computing devices. By way of example, service providers
may use base station and other cellular towers for various time
difference of arrival (“TDOA”), time of arrival (“TOA”),
angle of arrtval (“AOA”), RF Fingerprinting, location pattern
matching methods, and combination methods. These meth-
ods may include modified, or unmodified, device 105 con-
figurations.

Alternatively, a service provider may use assisted GPS
(“A-GPS”), wherein the device recetver, and an assistance
server located 1n (or otherwise communicating with) the net-
work 110, share processing tasks. With A-GPS, the process 1s
often quicker and can save power on the device 105, as the
assistance server may have computing capabilities far beyond
that of the GPS receiver at the device. As used herein, the term
A-GPS describes a system where a server, such as assistance
server, assists an A-GPS receiver 1n performing range mea-
surements and position solutions. The assistance server may
also be configured to access iformation from the network
110, and communicate with the device 105 via the network
110.

While the communications network 110 may 1dentity the
location of the device using the above methods, the network
identification may be based on other types of location based
data, as well. For example, the above technmiques may be used
in conjunction with other input from additional sources (e.g.,
the device 1tself). Also, there may be additional methods of
triangulation or other location 1dentification using cellular
towers or access points (e.g., WikF1 access points identifying
the location of a VoIP device). The location based information
may include altitude mformation also. Cellular carriers and
other service providers may, therefore, employ a variety of
ways ol locating cellular telephones and other mobile com-
puting devices. Additionally, any combination of the above
may be used, as well. It 1s anticipated that location technolo-
gies will evolve, and the set of technologies that may be used
by a commumnications network 110 to identily location of a
device 105 should be interpreted to include new forms of
network based location 1dentification.

Once the communications network 110 has identified the
location of the device 105 using the second technique, i1t
generates a set of data representative of the location. This
may, for example, include latitude and longitude readings, or
other location identification as known 1n the art. As noted
above, this set of data identifies a location which may be
referred to elsewhere herein as the computed location. In this
embodiment, the reference location and computed location
identify the location of the device 105 at a substantially same
time.

The system 100 also includes a location processing server
115, which may include, for example, one or more suitable
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computing devices such as server computers, personal com-
puters, workstations, web servers, or other such devices. One
or more of such devices that collectively comprise the loca-
tion processing server 115 also comprise software elements
including an operating system and other programs/code. The
location processing server 115 includes application software
that programs the server system 113 to perform one or more
functions according to the present invention. For example,
application software resident on the location processing
server 115 may be executable to receive, analyze, store, or
transmit reference and computed location data from a device
105 or network 110. The location processing server 115 may
be an integrated part of the communications network 110, or
be separate.

The location processing server 115 1s 1n direct or indirect
communication with the network 110, and 1s further 1n com-
munication with the device 105 (via the network 110, or
otherwise). The location processing server 115 receives the
location based data which 1s recerved and transmitted by the
device 105 (i.e., the reference location data). This reference
location data may be recerved with an identifier, such as a
telephone number, a timestamp, a dialed telephone number, a
cell identification number, and any combination thereof. This
identifier may be appended to the reference location data
when transmitted by the device 103. The location processing
server 115 also recetves the location based data generated and
transmitted by the network 110 (i.e., the computed location
data). This computed location data may be under the control
ol a service provider, and may be received by the location
processing server 115 with an appended identifier (1.e., a
telephone number, a timestamp, a dialed telephone number, a
cell identification number, or any combination thereof). This
identifier may {irst be generated by the device 105 and trans-
mitted to the network 110 with the triggering communica-
tions signal. It may then be appended to the computed loca-
tion data when that data 1s transmitted by the network 110.
Thus, the location processing server 115 1s configured to
correlate the reference location data recerved from the device
with the computed location data received from the commu-
nications network.

In one set of embodiments, different combinations of the
reference and computed location based data may be recerved,
analyzed, stored, or transmitted by the location processing
server 115. The location processing server 115 may be con-
figured, 1n coordination with the data store 120, to aggregate
data records, tag each call record with additional reference
data (test location and cluster tag), filter test call records, and
generate performance reports.

The data may, thus, be orgamized according to cluster or
or1d definitions and cell coverage areas. The location process-
ing server 115 may create reports detailing various call vol-
umes, which may be organized as raw or weighted accuracy
reports and summaries. In one embodiment, the 1mage data
illustrating a map 1s created, with a graphical representation
of the accuracy (i1.e., difference m computed vs. reference
location) of one or more devices 105. In another embodiment,
the location processing server 115 may create or transmit a
table 1llustrating the accuracy for one or more devices 105 at
various locations. In yet another embodiment, the system
determines a plurality of geographic regions defining certain
locations, and displays a table with different combinations of
measurements associated with those locations and regions.

Information may be retrieved from, or stored, 1n a data
store 120 1n communication with the location processing
server. Information (such as tables, image data, or consoli-
dated data) created by the location processing server 115 may
be transmitted over a network such as the Internet to a desktop
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computer or other workstation, where carriers, enterprises, or
other users may access the information. It will be apparent to
those skilled 1n the art that substantial vanations may be
implemented in accordance with the specific requirements of
the different embodiments. The location processing server
115 may be fully located within a single facility or distributed
geographically, 1n which case a network (such as the commu-
nications network 110) may be used to integrate different
components of the server 115.

The data store 120 may comprise a single database or may
comprise any number of separate and distinct databases. The
data store 120 may comprise one, or more, relational data-
bases or components of relational databases (e.g., tables),
object databases or components of object databases, spread-
sheets, text files, internal software lists, or any other type of
data structure suitable for storing data. Thus, 1t should be
appreciated that data store 120 may be multiple data storages
(of the same or different type), or may share a common data
storage with other data stores. The data store 120 may contain
any reference or computed location data and information
related thereto, the times or time periods of the data points or
measures, various identifiers of the data, and geographic
region data. The data store 120 may also contain user and
device 105 related information (e.g., MAC address, IP
address, phone number, IMSI, or IMEI), and service provider
information (e.g., service provider, system carrier, or network
carrier). The data store 120 may include any number of tables
and sets of tables. Application software running on the loca-
tion processing server 115 quenes the data store 120, and
produces forms, reports, tables, images or other output as
dictated by the application software.

The data store 120 may be incorporated within the location
processing server 115 (e.g., within 1ts storage media), or may
be a part of a separate system otherwise associated with the
server 115. The data store 120 may be fully located within a
single facility or distributed geographically. The data store
120 may be organized 1n any manner different than described
above to provide the functionality called for by the various
embodiments, as known by those skilled in the art.

According to one embodiment, the data store 120 includes
an electronic map database, providing data related to streets,
buildings, malls, parks, lakes, rivers, mountains, and other
related geographic and topographic information. This infor-
mation may be configured to be correlated against coordi-
nates that are produced with reference and computed location
data recerved by the location processing server 115. Tables
may be comprised of data on large geographic areas, such as
countries, states, and counties. Tables may also be comprised
of smaller geographic areas, such as urban areas, cities, com-
munities, and the like. Different sizes, shapes, colors, dots,
icons, and fonts may be used to indicate different features.
The content of the electronic map database may include any
combination of the aforementioned attributes and 1informa-
tion. The design and organization of the aforementioned
tables 1s discretionary and within the skill of those of ordinary
skill 1n the art, given the descriptions of data fields herein.

Various components of the system 100 may be connected
via any combination of the following: the Internet, an IP
network, an intranet, a wide-area network (“WAN™), a local-
area network (“LAN”), a virtual private network, the Public
Switched Telephone Network (“PSTN”) or any other type of
network supporting communication between devices
described herein, 1n different embodiments. There may be
both wired and wireless connections, including optical links.
Many other examples are possible and apparent to those
skilled 1n the art in light of this disclosure. In the discussion,
the connections may or may not be noted specifically.
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Turning to FIG. 2, an exemplary telecommunications sys-
tem 200 1s illustrated. The system 200 comprises an exem-
plary embodiment of the system 100 described 1n relation to
FIG. 1. The embodiment illustrated 1n FIG. 2 includes a set of
GPS satellites 205. Exemplary devices, including a PDA
105-a and cell phone 105-b, receive GPS coordinate data 210
from the GPS satellites 205 (e.g., via a GPS recerver that 1s
coupled with or otherwise integrated into the device). This
received GPS coordinate data 210 comprises the reference
location data 1n this embodiment. This GPS coordinate data
210, and associated 1dentifiers, 1s transmitted 1n a communi-
cations signal through the network 110 to the location pro-
cessing server 115. In this embodiment, the network includes
the location processing server 1135 and data store 120.

When a device 105 determines that it has received GPS
coordinate data that exceeds a certain accuracy threshold, the
device 1 this embodiment makes a test call to a telephone
number 1n the communications network 110. The telephone
number 1s configured by a service provider to trigger the
network 110 to identify the location of the device using a time
difference of arrival (“TDOA”) analysis. The techniques are
typically based on estimating the difference in the arrival
times of one or more signals 215 from the source (e.g., a
device 103) at multiple recervers (e.g., base stations 225).
This may be accomplished by analyzing the signals 2135 at one
or more synchronized time periods at different base stations
225. The cross-correlation of the two or more versions of a
signal 215 at different base stations 225 1s done, which gives
the time difference for the signal 215 arrival at those base
stations 225. A particular value of the time difference estimate
defines hyperbolas between the recervers on which the device
may exist. As known 1n the art, there are a variety of different
algorithms that may be employed 1n various TDOA systems,
any of which may be used 1n this embodiment.

The communications network 110 routes the computed
location data and identifier to the location processing server
115. The computed location of a device may then be associ-
ated with the appropriate reference location by matching
identifiers. For example, by matching a timestamp for the
reference location data and a timestamp for the triggering set
of data, a reference location and computed location may be
matched. Alternatively, a telephone number for a device 105
may be used to match a reference location and computed
location, as may a range of other mechanisms known 1n the
art.

Turming to FIG. 3, an alternative exemplary telecommuni-
cations system 300 1s illustrated. The system 300 comprises
an exemplary embodiment of the system 100 described 1n
relation to FI1G. 1. The embodiment illustrated in FIG. 3 again
includes a set of GPS satellites 205. Exemplary devices,
including a cell phone 105-b and a laptop 105-¢, recerve GPS
coordinate data 210 from the GPS satellites 205 (e.g., via a
GPS receiver that 1s coupled with or otherwise integrated into
the device). This GPS coordinate data 210 received comprises
the reference location data. This GPS coordinate data 210 1s
transmitted 1n a communications signal through the network
110 to the location processing server 115. In other embodi-
ments, the reference data may instead be transmitted over an
alternative route (e.g., from a device over the Internet to the
location processing server).

A device 105 1n this embodiment transmits a payload in a
data packet to the communications network 110, the payload
configured to trigger the network 110 to 1dentity the location
of the device using an A-GPS analysis. The techniques for
A-GPS are typically based on an assistance server 315 receiv-
ing GPS data 305 indirectly from GPS satellites 205 (e.g., via
a Wide Area Reference Network, base stations, or other GPS




US 8,391,176 B2

11

receivers). The assistance server 315 processes received GPS
data and performs calculations. For example, the assistance
server may 1dentily precise GPS satellite orbit and clock
information, make initial position and time estimates, and
identify satellite selection, range, and range-rate information.
Upon request, the assistance server 315 provides the device
105 with “assistance” data including GPS almanac, Ephem-
er1s, Satellite Clock corrections, Acquisition assistance, and
Time Code Phase measurements.

Using this assistance data, the device 105 may make pseu-
dorange measurements and forward this data 310 to a Serving
Mobile Location Center (SMLC) 320. In one embodiment,
the SMLC 320 proceeds to compute the location of the device
105. The SMLC 320 may compute position solutions, per-
haps leaving the GPS receiver with the sole job of collecting
pseudo-range measurements, and transmitting such measure-
ments 310 to the SMLC 320. The SMLC 320 then calculates
a computed position of a device, and generates a set of data
(1.e., computed location data) identifying the location of a
device 105. In an alternative embodiment, the assistance
server 315 or the SMLC 320 may provide the device 105 with
enough data to compute 1ts location by 1tself. The assistance
server 315 and the SMLC 320 may together comprise a single
server, or may each comprise one or more different servers.
As known 1n the art, there are a variety of different methods
that may be employed 1n various A-GPS systems, any of
which may be used in this embodiment.

The communications network 110 routes the computed
location data to the location processing server 115. The com-
puted location data for a device may then be associated with
the appropriate reference location data and stored 1n the data
store. In this embodiment, the location processing server 1s
connected to the Internet 325, allowing queries and access to
tables, reports, 1image data, etc. from a workstation 330 or
other computing device at a remote location.

FIG. 4 1s a block diagram illustrating a set of exemplary
soltware modules 425 providing certain functionality for a
mobile communications device 105 configured according to
various embodiments of the invention. In this embodiment,
the modules 425 comprise one or more computer programs
embodied on at least one computer readable medium, the one
Or more computer programs comprising instructions execut-
able by the mobile communications device 105. The device
also includes an antenna 430 configured to transmit and
receive various communications signals.

The location acquisition module 405 in this embodiment
acquires GPS data from a receiver in communication with the
device over a Bluetooth interface. Data may be acquired at
regular intervals (e.g., every second). Collected datasets may
include latitude and longitude, timestamp, GDOP, quality of
the position fix, and number of satellites used in location
determination. The data 1s forwarded to the logic module
where 1t 1s processed and test call initiation decision 1s made.
In other embodiments, the location acquisition module 405
may be configured to recetve or process other types of loca-
tion based data, as well.

In this embodiment, the logic module 410 determines 11 the
computed location data 1s to be collected (e.g., via a test call).
“Readiness™ inputs may include a determination that there 1s
adequate signal strength at the device 105, suflicient accuracy
of the position fix, and thatno call is in progress. Thus, 1 these
readiness metrics (which may be configurable or preset) don’t
indicate readiness, no test call will proceed.

If the device 1035 1s ready for location determination bench-
marking, the device may transmit one or more communica-
tions signals to trigger a communications network to calcu-
late location of the device (1.e., the computed location) at
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variable intervals. For example, the intervals may be preset
time 1ntervals (e.g., every 10 minutes, every hour). The time
intervals may also be configurable, and different time 1nter-
vals may be set for different times of the day or days of the
week. The transmission may, alternatively, take place at the
end of each call. The intervals may be related to distance
movement metrics (e.g., transmit triggering data every 50 m,
or 100 m of movement). The intervals may also be triggered
by movement into certain regions (e.g., neighborhoods, cit-
1es, freeways, clusters, cells, or other regions). In one embodi-
ment, there are intervals corresponding to the earlier of a time
interval metric and a distance movement metric. Alterna-
tively, the triggering signal may be transmitted from the
device at other intervals, for example, at a given phone status
(e.g., low battery), network status (e.g., at given signal
strengths), with certain events (e.g., start-up, making a call,
sending an email, use of certain applications, etc.), or certain
altitudes. Thus, different rule sets may be combined (e.g.,
more frequent readings in certain regions; or reading every
hour, unless distance metric triggers readings earlier). The
reference data need not be transmitted with the network trig-
gering data, and instead may be consolidated and transmuitted
at intervals to maximize power preservation on a device 105.
The rules related to the intervals may be stored in the logic
module.

At the applicable intervals for a “ready” device, the logic
module 410 forwards a call nitiation request to the auto-
caller module 415 with the applicable GPS data. Subse-
quently recetved GPS data records may be cached by the logic
module 410 for use 1n mid-call or updated positions. Upon
traffic channel assignment, the auto-caller module 415 may
be configured to request an updated GPS position from the
logic module 410 for “updated” positions.

The auto-caller module 415 mitiates test calls when
istructed by the Logic module. Upon successtul call setup,
the auto-caller module 415 collects call specific data, such as
Cell ID of the serving cell, control channel (BCCH) and
traffic channel, and call setup success indicator. After each
successiul test call, the auto-caller module 415 compiles a
record for the test call that includes the test call number, 1nitial
and updated GPS reference data, and call setup data. This data
1s then forwarded to the uploader module 420 that either
caches the data record or uploads 1t after each call. In other
embodiments, an auto-caller module may 1nstead be config-
ured to mnitiate the generation and transmission of a data
packet with a payload configured to trigger the communica-
tions network to calculate the computed location data.

The data uploader module 420 1s configured to obtain data
records from the auto-caller module 415, and upload data sets
to the centralized data store. In other embodiments, these data
records may be transmitted to the data store with the trigger-
ing data. Generally, these programs 425 are stored in the
storage medium of the device 105. Such software may be
installed or updated via USB, Bluetooth, Infrared, Network
download, or other means known in the art. Thus, 1n some
embodiments, users may load the software without provision-
ing or interaction. Instead, the measurement and data genera-
tion may take place on a standard handset or other mobile
device, and then may be sent over a data network. Various
embodiments of the mvention comprise a soltware applica-
tion that can run on many wireless networks. In light of this
capability, and as discussed below, the results may be com-
piled 1 a database and allow multi-carrier benchmarking.
Different metrics for different carriers may be compared over
a variety of times and geographic regions.

Although the modules 4235 may be nstructions embodied
in a computer-readable medium, formatted to be executed by
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one or more general or application specific processors in the
device, the functions may also be performed, 1n whole or 1n
part, in hardware. Thus, the device 105 may comprise an
Application Specific Integrated Circuit (ASIC) adapted to
perform a subset of the applicable functions 1n hardware.
Alternatively, the functions of the presentation instrument
100 may be performed by one or more other processing units
(or cores), on one or more integrated circuits. In other
embodiments, other types of integrated circuits may be used
(e.g., Structured/Platform ASICs, Field Programmable Gate
Arrays (FPGAs) and other Semi-Custom ICs), which may be
programmed 1n any manner known 1n the art.

According to one set of embodiments of the mnvention, the
data store 120 may be accessed remotely (e.g., as 1llustrated 1in
FIG. 3, wherein a workstation 325 may access the location
processing server 115 via the Internet 320 to query the data
store 120), or via a direct connection to the data store 120. An
interface may be used to access the data, and the data may be
parsed 1n a variety of ways. A user interface may be used to
break down reference and computed data according to any of
the following: ranges of dates, ranges of time, subscribers,
classes of subscriber, specific handset, device 105 models,
carrier, service provider, geographic region, location deter-
mination metrics (e.g., accuracy, latency, or yield), or any
combinations or subcombinations thereof. It 1s worth noting
that data from different carriers and other service providers
may be collected 1nto one data store 1n real-time.

Exemplary date filter periods may include: past 24 hours,
past 7 days, past month, past 3 months, past 6 months, or
specific start and end dates. Exemplary time filter periods
may include: past 15 minutes, past 30 minutes, past hour, past
3 hours, peak AM, peak PM, off peak AM, off peak PM, or
specific start and end times. Exemplary geographic areas may
be cities, states, or specific sub-regions created 1n a variety of
ways known in the art. Information may be viewed along
various service provider or network metrics. A user interface
may also illustrate various metrics related to coverage over an
area with a minimum accuracy level. The filters and other
parameters illustrated in this paragraph are for purposes of
example only, and a variety of additional metrics may be used
as 1s evident to one skilled in the art.

According to some embodiments, the parsed data may be
illustrated 1n a table, or 1n 1mage data comprising a map of
geographic areas of different sizes. The user interface may be
configured to allow a user to create the table or map according
to the criteria listed above. Different colors or shades of gray
may 1llustrate different levels of location accuracy for mea-
surements for certain geographic regions. In various embodi-
ments, a map may 1illustrate major or minor roads, water, or
other features. The user interface may control the parameters
to which the map will be drawn. FI1G. S 1llustrates an example
of such a map 500 for a larger region. A legend 505 1dentifies
different levels of accuracy associated with different shades,
and the map 500 illustrates different individual measure-
ments. In this example, the map 500 1s divided mto two
clusters: PA0001 at 510-a, and PA0002 at 510-5. Base sta-
tions 515 are shown, as well.

As set forth 1n FIG. 6, the parsed data may be 1llustrated 1n
a table 600. This particular table 600 sets forth a set of accu-
racy measurements. In this example, data for each measure-
ment 1n the table includes the called number 605, the UTC
time 610, the number of satellites visible 615, the reference
location data 620, the computed location data 623, and an
error 630 (illustrating accuracy). Summary reports may be
produced as well. FIG. 7A sets forth an example of such a
report 700 for unweighted data. Information 1s collected relat-
ing to a given cluster 705. The test period duration 710,

10

15

20

25

30

35

40

45

50

55

60

65

14

number of calls 715, and different percentiles 720, 725 are
shown 1n the table as well. FIG. 7B sets forth an example of
such a report 750 for weighted data. When data 1s weighted,
certain geographic measurements at certain times may have
more, or less, weight based on other collected data. As with
the unweighted example, data may be collected relating to a
given cluster 755. The test period duration 760, number of
calls 765, and different percentiles 770, 775 are also shown 1n
the table.

As noted above, image data and tables may be broken down
to 1llustrate various reference and computed location metrics
(e.g., accuracy, latency, and yield), different carriers and pro-
viders, and different subsets of subscribers, various geo-
graphic regions, and different time periods. Multi-carrier
benchmarking 1s possible, comparing different providers
over a variety of times, dates, and geographic regions, and
according to various location determination metrics (e.g.,
accuracy, latency, and yield). To determine latency, a times-
tamp associated with one or more reference locations may be
compared with a timestamp of the associated computed loca-
tions. Thus, using timestamps in this fashion, a time between
the transmission of a test call (or other imtiating event) and the
computed location determination can be identified. To deter-
mine yield, the reference location data may be compared with
the computed location data. Identifying the instances in
which there 1s no computed location data to match reference
location data can provide vyield information. The reference
and computed location data may be used for other purposes,
as well.

FIG. 8 sets forth an exemplary embodiment of the inven-
tion, illustrating a method 800 of benchmarking location
determination capabilities with a mobile communications
device. At block 803, afirst set of data identifying the location
of a device 1s received, the location identified with a first
technique. At block 810, a second set of data associated with
the first set 1s generated, the second set formatted to trigger a
communications network to calculate location of the device
using a second technique. At block 813, one or more commu-
nications signals comprising the first set of data and the sec-
ond set of data are transmitted.

FIG. 9 sets forth an alternative embodiment, illustrating a
second exemplary method 900 of benchmarking location
determination capabilities from a mobile communications
device. At block 905, GPS data 1s received and, at block 910,
the data 1s analyzed to determine if it 1s above threshold
accuracy level. I not, the process returns to block 905 for
turther GPS data reception at specified intervals. If the thresh-
old 1s met, the method moves to a three-way monitoring
process at block 915, wherein the earlier of 1) a time metric at
block 920, 2) a distance metric at block 925, or 3) a location
metric at block 930 1s 1dentified.

Based at least 1n part on the identification, a set of data
associated with the GPS data 1s generated at block 935, the set
formatted to trigger a communications network to calculate
the location of the device using a second technique. At block
940, communications signals are transmitted comprising the
received GPS data. At block 945, the set of data configured to
trigger the network calculation 1s transmitted. Then, the pro-
cess returns to block 915, where the three-way monitoring
process continues.

FIG. 10 sets forth an exemplary embodiment of the inven-
tion, 1llustrating a method 1000 of benchmarking location
determination capabilities of a communications network. At
block 1005, a first set of data i1s received from a device
identifying a reference location of the device, the reference
location 1dentified with a first techmque. At block 1010, a

second set of data 1s recerved from a communications net-
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work, 1identifying a computed location of the device, the com-
puted location calculated by the communications network
using a second technique. At block 1015, the first set of data
1s associated with the second set of data.

FI1G. 11 sets forth an alternative embodiment of the inven-
tion, illustrating a second exemplary method 1100 of bench-
marking location determination capabilities of a communica-
tions network. At block 1105, a first set of data identilying a
timestamp and reference location 1s recerved from each of a
plurality of devices, the reference locations 1dentified with a
first technique. Atblock 1110, a second set of data identifying
a timestamp and computed location for at least a subset of the
plurality 1s received, the computed locations calculated by the
communications network using a second technique.

At block 1115, each second set of data 1s associated with a
selected first set of data, based at least in part on the times-
tamp, and at block 1120 the associated sets of data are stored.
A number of determinations are then made. At block 1125, a
latency of the second technique 1s determined by comparing
one or more timestamps for the associated sets of data. At
block 1130, a yield of the second technique 1s determined by
identifying unselected first sets of data. At block 1135, accu-
racy of the second technique i1s determined by comparing,
locations 1dentified by the associated sets of data. At block
1140, a summarized accuracy report 1s provided, including a
table and 1mage data for a cluster, the table and 1mage data
provided on an interface that 1s accessed from and distributed
to a remote location.

Turning to FIG. 12, a device structure 1200 that may be
used for a mobile communications device, location process-
Ing server, assistance server, network device, or other com-
puting device described herein 1s 1llustrated with a schematic
diagram. This drawing broadly illustrates how individual sys-
tem elements of each of the atlorementioned devices may be
implemented, whether 1n a separated or more integrated man-
ner. The exemplary structure 1s shown comprised of hardware
clements that are electrically coupled via bus 1205, including
processor(s) 1210 (which may further comprise a DSP or
special-purpose processor), storage device(s) 1215, input
device(s) 1220, and output device(s) 1225. The storage
device(s) 1215 may comprise a computer-readable storage
media reader connected to any computer-readable storage
medium, the combination comprehensively representing
remote, local, fixed, or removable storage devices or storage
media for temporarily or more permanently containing com-
puter-readable information. The GPS/Other Location
Receiver 1050 may comprise any such receiver, whether
separate or more integrated, that 1s configured to receive
location based data as described herein. The communications
interface 1245 may comprise a wired, wireless, or other type
of mterfacing connection that permits data to be exchanged
with other devices. The communications mterface 12435 may
permit data to be exchanged with a network.

The structure 1200 may also comprise additional software
clements, shown as being currently located within working
memory 1230, including an operating system 1235 and other
code 1240, such as programs or applications designed to
implement methods of the invention. It will be apparent to
those skilled in the art that substantial variations may be used
in accordance with specific requirements. For example, cus-
tomized hardware might also be used, or particular elements
might be implemented 1n hardware, soitware (including por-
table software, such as applets), or both.

It should be noted that the systems, methods, and software
discussed above are intended merely to be exemplary 1n
nature. It must be stressed that various embodiments may
omit, substitute, or add various procedures or components as
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appropriate. For instance, 1t should be appreciated that in
alternative embodiments, the methods may be performed 1n
an order different than that described, and that various steps
may be added, omitted or combined. Also, features described
with respect to certain embodiments may be combined in
various other embodiments. Different aspects and elements
of the embodiments may be combined 1n a similar manner.
Also, 1t should be emphasized that technology evolves and,
thus, many of the elements are exemplary in nature and
should not be interpreted to limit the scope of the invention.

Specific details are given in the description to provide a
thorough understanding of the embodiments. However, 1t will
be understood by one of ordinary skill in the art that the
embodiments may be practiced without these specific details.
For example, well-known circuits, processes, algorithms,
structures, and techniques have been shown without unnec-
essary detail in order to avoid obscuring the embodiments.

Also, 1t 1s noted that the embodiments may be described as
a process which 1s depicted as a flow chart, a structure dia-
gram, or a block diagram. Although they may describe the
operations as a sequential process, many of the operations can
be performed 1n parallel or concurrently. In addition, the order
of the operations may be re-arranged. A process 1s terminated
when its operations are completed, but could have additional
steps not included in the figure.

Moreover, as disclosed herein, the terms *“storage medium”
or “storage device” may represent one or more devices for
storing data, including read only memory (ROM), random
access memory (RAM), magnetic RAM, core memory, mag-
netic disk storage mediums, optical storage mediums, flash
memory devices or other computer readable mediums for
storing information. The term “computer-readable medium”
includes, but 1s not limited to, portable or fixed storage
devices, optical storage devices, wireless channels, a sim
card, other smart cards, and various other mediums capable of
storing, containing or carrying instructions or data.

Furthermore, embodiments may be implemented by hard-
ware, software, firmware, middleware, microcode, hardware
description languages, or any combination thereof. When
implemented 1n software, firmware, middleware or micro-
code, the program code or code segments to perform the
necessary tasks may be stored 1n a machine readable medium
such as a storage medium. Processors may perform the nec-
essary tasks.

Having described several embodiments, 1t will be recog-
nized by those of skill 1in the art that various modifications,
alternative constructions, and equivalents may be used with-
out departing from the spirit of the mvention. For example,
the above elements may merely be a component of a larger
system, wherein other rules may take precedence over or
otherwise modily the application of the invention. Also, a
number of steps may be required before the above elements
are considered. Accordingly, the above description should not
be taken as limiting the scope of the invention, which 1s
defined 1n the following claims.

What 1s claimed 1s:

1. A method of associating location data 1n a communica-
tions network, the method comprising:

clectronically recerving a first set of data related to a loca-

tion determined with a first technique;

clectronically calculating the same location using a second

technique;

clectronically generating a second set of data representa-

tive of the calculated location using the second tech-
nique; and

clectronically associating at least a subset of the first set of

data with the second set of data to generate data for the
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communications network, wherein the electronically
associating comprises electronically comparing the at
least a subset of first set of data and the second set of
data, and their associated timestamps to determine an
accuracy, latency period, or yield attributable to the cal-
culated location using the second technique.

2. The method of claim 1, wherein the location 1s a location
of a mobile device, and wherein calculating the location using
the second technique 1s performed by the mobile device.

3. The method of claim 1, wherein electronically calculat-
ing the location using the second technique 1s performed by
the communications network.

4. The method of claim 1, wherein electronically calculat-
ing the location using the second technique 1s performed by a

location server of a service provider coupled to the commu-
nications network.

5. The method of claim 1, wherein the first set of data
identifying the location comprises GPS coordinate data.

6. The method of claim 1, wherein the first set of data
identifying the location comprises location information spe-
cific to a current location of a mobile device.

7. The method of claim 6, wherein said location informa-
tion specific to a current location of the mobile communica-
tions device 1s location data specific to a building.

8. The method of claim 1, further comprising executing an
application on a mobile device to generate triggering data to
trigger 1dentification of the location of the mobile device.

9. The method of claim 1, wherein the second technique
comprises one or more of the group consisting of assisted
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GPS, time difference of arrival, time of arrival, angle of

arrival, RF Fingerprinting, and location pattern matching.
10. The method of claim 1, wherein the second technique

comprises location identification based on network access

5 points.
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11. The method of claim 1, turther comprising:

clectronically recerving a third set of data identifying a
second location of the device determined with said first
technique;

clectronically calculating the second location using said
second technique;

clectronically generating a fourth set of data representative
of the calculated second location using said second tech-
nique;

clectronically associating the at least a subset of the third
set of data with the fourth set of data to generate data for
a second communications network.
12. The method of claim 1, further comprising:
clectronically recerving a thuird set of data identifying a
second location determined with said first technique;
clectronically calculating the second location using said
second technique;

clectronically generating a fourth set of data representative
of the calculated second location using said second tech-
nique;

clectronically associating the at least a subset of the third
set of data with the fourth set of data to generate data for
a second communications network.
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